in silico from the draft genome of A. camansi , the original four transcriptomes used for developing primers, and 18 additional transcriptome assemblies ( Laricchia, 2014 ) (Appendix 1). Chloroplast contigs were extracted using the BLAST method described above, and amplifi cation in silico took place following Bikandi et al. (2004) . Some loci that failed to amplify because the region was split between two contigs or because a priming site was truncated were recovered using BLAST. Sequences were aligned using MUSCLE ( Edgar, 2004 ) , and a fragment-length data set was constructed. For both data sets, the number of alleles and a haplotype diversity index for each locus were calculated using GenAlEx ( Table 2 ) ( Peakall and Smouse, 2012 ) .
Allele sizes were recovered from >60 individuals of A. odoratissimus for all loci but one (37 individuals for AALTCP05), and from >60 individuals of A. altilis for all 11 tested loci ( Table 2 ). In silico capture recovered sequences and fragment sizes from most transcriptomes for all loci except AALTCP13, which tended to be absent from transcriptomes ( Table 2 , Appendix 3). All loci were polymorphic in the breadfruit complex ( A. altilis , A. camansi , and A. altilis × mariannensis hybrids), with A. camansi showing the greatest unbiased haplotype diversity. Although the in silico sample size was small, this fi nding is consistent with a domestication bottleneck in A. altilis with respect to its wild progenitor, A. camansi ( Zerega et al., 2005 ) . The polymorphism in AALTCP04 in A. camansi was not in the repeat motif, but in a 22-bp indel. Six loci (AALTCP03, AALTCP05, AALTCP08, AALTCP10, AALTCP11, and AALTCP12) were monomorphic in A. odoratissimus . Average alleles per locus was 2.5 in A. altilis , 2.3 in hybrids and A. odoratissimus , and 2.2 in A. camansi . For comparison, average alleles per locus in the previously described nuclear markers using the same individuals as our in silico data set (with one parent-sibling substitution in A. camansi ) were 2.1 in A. camansi , 5.0 in A. altilis , and 4.6 in hybrids ( Zerega et al., 2015 ) .
The in silico data revealed within-species homoplasy due to multiple SSRs in the same amplifi ed fragment in loci AALTCP01, AALTCP09, and AALTCP10. All other loci showed no evidence of fragment-length homoplasy. We also identifi ed single-nucleotide polymorphisms in fl anking regions outside the target repeats in loci AALTCP01, AALTCP02, AALTCP07, AALTCP09, using Primer3 ( Rozen and Skaletsky, 1999 ) ( Table 1 ) . Fifteen loci reliably amplifi ed and were subjected to further testing.
To test for variability in A. odoratissimus , all loci were amplifi ed in 105 accessions collected from four districts in Sabah, Malaysia (Appendix 2). PCR reactions were performed in two steps ( Schuelke, 2000 ) . For the fi rst step, 10-μ L reactions contained 5 μ L of MyTaq Master Mix (Bioline USA, Taunton , Massachusetts, USA), 0.5 μ L of 10 mg/mL bovine serum albumin (BSA), 0.25 μ L of 10 μ M forward primer with the M13 tail (5 ′ -CAGGAAACAGCTAT-GAC-3 ′ ), 0.25 μ L of 10 μ M reverse primer, 3 μ L of H 2 O, and 1 μ L of template DNA. PCR conditions for the fi rst step were 94 ° C for 3 min; 13 cycles at 94 ° C for 30 s, 59.8 ° C for 30 s, and 72 ° C for 1 min; and 72 ° C for 10 min. The following were then immediately added: 2.5 μ L MyTaq Master Mix, 0.25 μ L of 10 mg/mL BSA, 0.125 μ L of 2.5 μ M MgCl 2 , 0.25 μ L of 10 μ M labeled M13 primer (WellRED Dye D2, D3, or D4 [Beckman Coulter, Brea, California, USA]), and 1.875 μ L of H 2 O. PCR conditions for the second step were 94 ° C for 3 min; 27 cycles at 94 ° C for 30 s, 55 ° C for 30 s, and 72 ° C for 1 min; and 72 ° C for 10 min. Product was pooled as follows: 2 μ L of D4-labeled product, 1 μ L of D3, and 0.5 μ L of D2. Pooled products were added to 30 μ L of HiDi formamide (Azco Biotech, San Diego, California, USA) and 3.3 μ L of 400-bp size standard (Beckman Coulter) and analyzed on a Beckman Coulter CEQ 8000 Genetic Analysis System. Alleles were scored using the CEQ 8000 software version 9.0 (Beckman Coulter).
To test for variability in A. altilis , all loci except AALTCP04, AALTCP07, AALTCP11, and AALTCP12 (which were less variable in transcriptomes) were amplifi ed in 73 accessions of A. altilis from Vanuatu ( Navarro et al., 2005 ( Navarro et al., , 2007 , the Caribbean, and India (Appendix 1). Locus AALTCP14 followed the protocol described above. Other loci were amplifi ed at the USDA in reduced PCR reaction volumes (step 1: 5 μ L, step 2: 3 μ L) without BSA using QIAGEN Multiplex PCR Master Mix (QIAGEN) and analyzed using ABI reagents on a 3730xl DNA Analyzer and GeneMapper 5 (Applied Biosystems, Foster City, California, USA).
To test for variability in A. camansi and A. altilis × A. mariannensis hybrids and to explore the presence of homoplasy in these markers, loci were amplifi ed Note : T a = annealing temperature. a All primers amplifi ed with an annealing temperature of 59.8 ° C (step 1) and 55 ° C (step 2). http://www.bioone.org/loi/apps AALTCP12, and AALTCP14 (in A. camansi only for AALTCP02, AALTCP09, AALTCP12, and AALTCP14). These loci thus may provide additional resolution when a sequencing approach is used as opposed to a fragment-size approach.
CONCLUSIONS
These chloroplast SSR loci will be useful for rapid and lowcost genotyping in Artocarpus and possibly in other Moraceae species, given the level of conservation typical in chloroplast genomes. By enabling the isolation of maternal lineages, these markers can be applied to characterizing genetic diversity, tracing seed and vegetative dispersal history, and assessing relatedness of germplasm accessions. Even as NGS tools become more widespread, SSRs remain important, as they enable efficient genotyping with common laboratory equipment. This is particularly relevant for nonmodel, underutilized crops, which are often grown in less developed areas where only basic genotyping equipment is available. 
